Schizophrenia and bipolar disorder are typically separated in diagnostic systems. Behavioral, cognitive, and brain abnormalities associated with each disorder nonetheless overlap. We evaluated the diagnostic specificity of facial emotion recognition deficits in schizophrenia and bipolar disorder to determine whether select aspects of emotion recognition differed for the two disorders. The investigation used an experimental task that included the same facial images in an emotion recognition condition and an age recognition condition (to control for processes associated with general face recognition) in 27 schizophrenia patients, 16 bipolar I patients, and 30 controls. Schizophrenia and bipolar patients exhibited both shared and distinct aspects of facial emotion recognition deficits. Schizophrenia patients had deficits in recognizing angry facial expressions compared to healthy controls and bipolar patients. Compared to control participants, both schizophrenia and bipolar patients were more likely to mislabel facial expressions of anger as fear. Given that schizophrenia patients exhibited a deficit in emotion recognition for angry faces, which did not appear due to generalized perceptual and cognitive dysfunction, improving recognition of threat-related expression may be an important intervention target to improve social functioning in schizophrenia.
Schizophrenia and bipolar disorder are typically separated in diagnostic systems; however, there is considerable overlap between the two disorders with regard to symptoms, cognitive deficits, and brain abnormalities. Although cognitive deficits are not a part of the diagnostic criteria, these impairments are a prominent component in both disorders. Cognitive deficits are associated with worse realworld functioning in both disorders [1] and facial emotion recognition deficits specifically are associated with worse social and work attainment [2, 3] . Further delineation of facial emotion recognition deficits may be important to better understand real-world functioning and potential rehabilitation of patients. The present study contrasted facial emotion recognition deficits in schizophrenia and bipolar disorder to determine what aspects of facial emotion recognition are aberrant in each disorder. A better understanding of facial emotional recognition deficits in the two severe mental disorders might assist with diagnostic clarification, as well as inform treatment development and selection.
Facial emotion recognition deficits have been well documented in schizophrenia. Schizophrenia patientsfirst-episode, chronic, and putatively prodromal-have all been found to have difficulty recognizing basic facial emotions such as happiness, sadness, anger, and fear [4] [5] [6] . Two recent meta-analyses demonstrated large effect sizes (−0.70 to −0.91 d) for deficits in schizophrenia patients compared to controls for emotion recognition ability [7, 8] . A number of studies have found behavioral deficits in unaffected adult relatives, further supporting the idea that the abnormality may mark genetic liability for the disorder [9] [10] [11] ; however, this has not been a wholly consistent finding (e.g., Goghari et al. [6] ), likely reflecting the heterogeneity amongst relative samples investigated. There is also still debate as to whether poor facial emotion recognition is a specific deficit (e.g., Schneider et al. [5] and Goghari et al. [6] ) or part of generalized cognitive dysfunction (e.g., Salem et al. [12] and Kerr and Neale [13] ) in schizophrenia, with evidence supporting both sides.
Like schizophrenia patients, bipolar patients have also been shown to demonstrate differences in facial emotion recognition compared to controls. Manic bipolar I patients have been found to have worse overall performance, specifically for the negative expressions, fear and disgust [14] . However, in the same study, euthymic bipolar II patients demonstrated enhanced fear recognition compared to manic and euthymic bipolar I patients [14] . A study of stable bipolar I patients also found that patients had more difficulty with all expressions combined compared to controls and specifically with misinterpreting expressions of sadness as fear [15] . In this study bipolar II did not differ from controls. Alternatively, a study found that euthymic bipolar patients had enhanced recognition of disgust [16] and a study in euthymic bipolar I and II patients found no differences for any emotion compared to controls [17] . Furthermore, bipolar I and II depressed patients have been found to need to visualize more intense facial expressions before being able to first respond and correctly respond compared to controls [18] . Additionally, bipolar depressed patients were more able to recognize disgust expressions compared to unipolar depressed patients and controls. Last, at least one study has suggested that abnormal emotion recognition in manic or mixed bipolar disorder may be due to a specific deficit in processing facial emotions [19] . In summary, emotion processing deficits in bipolar disorder may be strongly influenced by mood state and bipolar type I or II; however, even stable bipolar patients have demonstrated impairments in facial emotion recognition, some of which appear selective for particular expressions (for review, see Rocca et al. [20] ).
Studies comparing schizophrenia and bipolar patients have revealed inconsistent findings. For example, Addington and Addington [21] found that schizophrenia patients had impaired performance on an emotion recognition, emotion matching, and general facial recognition task, but bipolar patients only had difficulty on the emotion matching task compared to controls. In contrast, Vaskinn and colleagues [22] found that neither group showed deficits in facial emotion recognition (though schizophrenia patients showed differences compared to controls in auditory emotion perception). Nevertheless, studies comparing schizophrenia and bipolar patients generally find that schizophrenia patients have greater and more widespread deficits in facial emotion recognition (for review, see Rocca et al. [20] .
Given the diversity of results, the present study aimed to determine the pattern of facial emotion recognition impairments in stable schizophrenia patients, bipolar I patients, and healthy controls. The work also tested for associations of facial emotion recognition with symptoms and intelligence functioning. The same face stimuli were used across a facial emotion recognition condition and an age recognition condition (used to control for processes associated with general facial recognition); therefore, the task controlled for physical aspects of stimuli that could impact performance. We hypothesized that schizophrenia patients would demonstrate more widespread deficits in facial emotion recognition compared to bipolar patients and that schizophrenia patients would demonstrate a deficit in facial emotion recognition as compared to more general facial recognition processes.
Methods

Participants
Schizophrenia and bipolar I disorder subjects were recruited from the Minneapolis VA Medical Center outpatient clinics and community support programs for the mentally ill. Controls were recruited by posting announcements in the community. Participants were excluded if English was their second language, had mental retardation, current alcohol abuse, current drug abuse/dependence, past drug dependence within the last 6 months (with the exception of cannabis), a current or past central nervous system condition, history of head injury with skull fracture or loss of consciousness (over 30 minutes), and an age less than 18 years or greater than 60 years. Controls were additionally excluded for a current major depressive episode, current or previous use of antipsychotic medications, or a personal or family history of psychosis or bipolar disorder. The Minneapolis VA Medical Center and University of Minnesota Institution Review Boards approved the protocol and all participants provided informed, written consent.
Diagnosis and assessment
To obtain diagnostic information the Structured Clinical Interview for DSM-IV Disorders [23] and the Psychosis Module of the Diagnostic Interview for Genetic Studies [24] were completed with each participant. DSM-IV-TR diagnoses were determined after review of clinical interview materials by a trained research assistant or doctoral-level clinical psychologist. Patients' current symptomatology was assessed using the Scale for the Assessment of Negative Symptoms (SANS; [25] ) and the Scale for the Assessment of Positive Symptoms (SAPS; [26] ). Three symptom dimensions for the SANS and SAPS, psychosis, formal thought disorder, and negative, were computed using the factor structure as a guide by Andreasen and colleagues [27] . All participants had their overall symptomatology assessed using the Brief Psychiatric Rating Scale (BPRS; [28] ). Average scores for five BPRS factors, thinking disorder, withdrawal, anxiety-depression, hostility-suspicion, and activity, were computed using the factor structure of Burger and colleagues [29] derived from a large sample of schizophrenia and bipolar patients. Clinical information is presented in Table 1 .
We specifically investigated the BPRS depression and elevated mood items in the bipolar I patients as a measure of their current mood state. Bipolar I patients as a group were mildly depressed (mean = 3.38, SD = 2.03; on a scale of 1-7, with lower numbers indicating less psychopathology); however, 44% of the sample reported moderate or greater depression. Additionally bipolar I patients as a group demonstrated minimal elevated mood (mean = 1.31, SD = 0.60), with no participants reporting moderate or greater elevated mood.
Additionally, all participants completed select subtests of the Wechsler Adult Intelligence Scale-III (WAIS-III): block design, digit span forward and backward, digit symbol coding, and vocabulary.
Facial recognition task
The facial recognition task consisted of two conditionsan emotion recognition condition and age recognition control condition. The Pennsylvania emotive faces were used and detailed image construction and validation has been reported elsewhere [30] . Each condition consisted of 60 faces and the same faces were presented in both conditions. Half of all the depicted faces represented each gender. Four races were represented in the images: Caucasian (42 faces), African-American (12 faces), Asian (4 faces), and Hispanic (4 faces). In the emotion recognition condition, participants were presented with a face and asked to respond with a button press corresponding to the emotion expression from five possibilities: anger, fear, happy, neutral, and sad. Each face was presented until the participant responded. There were 10 faces in each emotion category and 20 neutral faces. In the age recognition condition, participants were asked to respond with a button press corresponding to what they judged to be the approximate age of the face from five agerange possibilities (teens-25, 26-35, 36-45, 46-55, 56-over). There were 12 faces in each age category. The age recognition condition was used as a comparison condition to control for aspects of facial perception, as well as task engagement, attention, and response selection demands. Conditions were presented sequentially with the emotion recognition condition presented first. Faces were chosen in random order within the task.
Statistical analyses
From the facial recognition task we analyzed three dependent measures, accuracy (% correct), reaction time of responses (ms), and misattribution of emotion for incorrect [29] : thinking disorder (the average for grandiosity, hallucinations, unusual thought content, conceptual disorganization, and bizarre behavior items); withdrawal (the average for disorientation, blunted affect, emotional withdrawal, motor retardation, and self-neglect items); anxiety-depression (the average for somatic concern, anxiety, depression, guilt, and suicidality items); hostility-suspicion (the average for hostility, suspiciousness, and uncooperativeness items); and activity (the average for tension, excitement, mannerisms and posturing, distractibility, and motor hyperactivity items); SANS = Scale for Assessment of Negative Symptoms: 20 items, scores can range from 0 to 100; SAPS = Scale for Assessment of Positive Symptoms: 30 items, scores can range from 0 to 150. Symptom dimensions computed from SANS and SAPS using Andreasen and colleagues [27] as a guide: psychosis symptoms (the average global score for delusions and hallucinations); formal thought disorder (the global score for positive formal thought disorder); and negative symptoms (the average global score for alogia, affective flattening, avolition-apathy, and anhedonia-asociality). a Schizophrenia patients and controls differ. b Schizophrenia and bipolar patients differ. c Bipolar patients and controls differ. d Some patients were on both an atypical and typical antipsychotic medication.
responses (count). For all incorrect responses we calculated for each of the five emotions the number of times another specific emotion was misattributed (e.g., how many times an anger face was incorrectly labeled as fear). For the intelligence functioning we analyzed the raw values from the five WAIS-III measures rather than normed values as data were collected on a control group with the same recruitment criteria. Given that the same faces were used in both conditions, we were able to compare emotion and age recognition performance for the same facial expressions using a 2 recognition condition (emotion, age) × 5 expression (anger, fear, happy, neutral, sad) × group mixed-model analyses of variance (ANOVAs) with behavioral accuracy and reaction time as dependent variables to test for overall group differences and test for specific hypotheses for between group differences. Significant effects from the mixed-model ANOVAs were followed up with ANOVAs to assess how groups differed within recognition and facial expression conditions. ANOVAs were used to compare the misattributions of emotions and intellectual functioning data. Greenhouse-Geisser correction was reported for all mixed-model ANOVA statistics. Partial eta-squared effect sizes (η 2 ) from SPSS were provided as appropriate. Spearman's rho was used for all correlations as it is more robust to violations of parametric assumptions.
Results
Participants
Participant characteristics are presented in Table 1 . The three groups differed in age (F(2, 70) = 5.93, p = 0.004), with post hocs demonstrating schizophrenia patients were younger than controls (p = 0.001) and bipolar patients (p = 0.04). There were no significant differences for sex distribution (chi-square(2) = 3.06, p = 0.22) or education (F(2, 61) = 0.42, p = 0.66). Although there were some associations of age and sex with task behavioral measures, none were of the nature that would negate group differences in emotion recognition. 1 Both patient groups consisted of stable outpatients. As expected, schizophrenia patients had more positive, negative, and disorganization symptoms than bipolar patients and bipolar patients had more mood symptoms than schizophrenia patients. The percentage of patients on antipsychotics, antidepressants, mood stabilizers, antianxiety, antiparkinsons, and other psychotropic medications is presented in Table 1 . Specifically, five bipolar I patients were on lithium and ten bipolar I patients were on anticonvulsants. Some patients were on more than one medication. Table 2 presents mean accuracy data for the five facial expressions and two recognition conditions. Overall group differences in emotion and age recognition performance for the same facial expressions were assessed using a 2 recognition condition (emotion, age) × 5 expression (anger, fear, happy, neutral, sad) × 3 group (schizophrenia, bipolar, control) mixed-model analysis of variance (ANOVAs) with behavioral accuracy as dependent variables. This analysis revealed a main effect of group (F(2, 70) = 3.10, p = 0.05), with schizophrenia patients generally performing worse than controls and bipolar patients (p's = 0.04). A main effect of recognition condition was also found (F(1, 70) = 573.80, p b 0.001), demonstrating that the age recognition condition was more difficult than the emotion recognition condition. Last, a main effect of emotion expression was found (F(3.31, 231.73) = 39.04, p b 0.001), demonstrating that anger expressions were more easily identified than fear expressions; happy expressions were more easily identified than all other expressions; neutral expressions were more easily identified than anger and fear expressions; and sad expressions were more easily identified than anger and fear expressions. There was also a significant interaction between the recognition condition and emotion expression (F(3.51, 249.59) = 24.45, p b 0.001), reflecting that it was easier to identify the emotional expression of the face compared to the age of the face, with this pattern being more pronounced for some emotions. Last, a trend-wise significance was found for the recognition condition by emotion expression by group interaction (F(7.02, 245.59) = 1.85, p = 0.08, η 2 = 0.05). To explore the trend-wise significant three-way interaction and to test specific hypotheses about differences between the three groups, we conducted three 2 recognition condition × 5 expression × 2 group (schizophrenia versus control, bipolar versus control, or schizophrenia versus bipolar) mixed-model analyses of variance (ANOVAs) with behavioral accuracy as dependent variables.
Facial recognition conditions accuracy
Schizophrenia versus control
To determine whether schizophrenia patients demonstrated a deficit in facial emotion recognition as compared to age recognition, and whether the emotion recognition deficit depended on the facial expression presented, we carried out a mixed-model ANOVA on response accuracy with group (schizophrenia, control) as a between-subjects factor and recognition condition (emotion, age) and facial expression (anger, fear, happy, neutral, sad) as within-subjects factors. The contrast yielded a main effect of group (F(1, 55) = 3.92, p = 0.05), with schizophrenia patients (mean = 60%, SD = 15) generally performing worse than controls (mean = 64%, 1 In schizophrenia patients, there were no associations between participant age and accuracy in any of the emotion or age recognition conditions. In bipolar patients, greater participant age was associated with lower accuracy when judging the emotion as neutral (rho = −0.52, p = 0.04). In controls, greater participant age was associated with lower accuracy when judging the emotion as fear (rho = −0.47, p = 0.009) and happy (rho = −0.41, p = 0.02). There were associations with greater participant age and greater reaction times when judging the emotion as neutral in schizophrenia patients (rho = 0.40, p = 0.04) and controls (rho = 0.46, p = 0.01). In controls, longer reaction times for age recognition during anger expressions were associated with greater age (rho = 0.37, p = 0.04). SD = 15). There was also a main effect of recognition condition (F(1, 55) = 435.02, p b 0.001), with the age recognition condition (mean = 46%, SD = 6) being more difficult than the emotion recognition condition (mean = 78%, SD = 15). The ANOVA also revealed a main effect of facial expression (F(3.30, 181.46) = 30.20, p b 0.001), demonstrating that happy expressions were more easily identified than anger, fear, and neutral expressions; neutral expressions were more easily identified than anger and fear expressions; and sad expressions were more easily identified than anger and fear expressions. Additionally, an interaction between the recognition condition and facial expression was found (F(3.60, 197.90) = 18.72, p b 0.001), reflecting that it was easier to identify the emotional expression of the face compared to the age of the face, with this pattern being more pronounced for some emotions. Importantly, there was the hypothesized three-way group by recognition condition by facial expression interaction (F(3.60, 197.90) = 3.22, p = 0.02, η 2 = 0.06) indicating that group differences between schizophrenia patients and controls varied depending on whether the participants needed to make an age or emotion judgment and the type of facial expression.
To more fully understand which facial expressions resulted in the greatest emotion recognition deficits in schizophrenia, separate ANOVAs with factors of recognition condition (emotion, age) and group were conducted on accuracy data for each of the five facial expressions. For the anger expression, there was a significant interaction between recognition condition and group (see Fig. 1 ; F(1, 55) = 10.76, p = 0.002, η 2 = 0.16). Schizophrenia patients had reduced accuracy compared to controls when judging the facial emotion as an anger expression (F(1, 55) = 10.06, p = 0.002, η 2 = 0.16), but did not differ when judging the age of faces with an anger expression (F(1, 55) = 0.42, p = 0.52, η 2 = 0.007). No other recognition condition by group interactions were found for specific facial expressions (happy, fear, sad, neutral) between schizophrenia patients and controls, hence, no follow-up testing was conducted.
Bipolar versus control
An ANOVA on response accuracy with group (bipolar, control) as a between-subjects factor and recognition condition (emotion, age) and facial expression (anger, fear, happy, neutral, sad) as within-subjects factors demonstrated no main effect of group (F(1, 44) = 0.21, p = 0.65). However, there was a main effect of recognition condition (F(1, 44) = 538.38, p b 0.001), with the age recognition condition (mean = 48%, SD = 6) being more difficult than the emotion recognition condition (mean = 81%, SD = 7). In addition, Table 2 Accuracy (percentage correct; 20% is chance performance) and reaction time (ms) for facial recognition conditions.
Facial recognition
Schizophrenia (n = 27) Bipolar (n = 16) Control (n = 30) Schizophrenia (n = 27) Bipolar (n = 16) Control (n = 30) there was a main effect of facial expression (F(2.88, 126.69) = 24.08, p b 0.001), demonstrating that anger expressions were more easily identified than fear expressions; happy expressions were more easily identified than anger, fear, and neutral expressions; neutral expressions were more easily identified than fear expressions; and sad expressions were more easily identified than anger and fear expressions. Last there was an interaction between recognition condition and facial expression (F(3.23, 142.10) = 15.61, p b 0.001), reflecting that it was easier to identify the emotional expression of the face compared to the age of the face, with this pattern being more pronounced for some emotions. The three-way interaction of group by recognition condition by facial expression was absent (F = (3.23, 142.10) = 1.00, p = 0.40, η 2 = 0.02), providing evidence that the content of the facial expression failed to differentially affect emotion recognition in bipolar patients as it did with schizophrenia patients.
We specifically investigated the pattern of response to the angry expression in bipolar patients compared to controls to compare with the results in schizophrenia patients. There was a significant interaction between recognition condition and group when contrasting bipolar patients and controls for faces with an anger expression (F(1, 44) = 5.82, p = 0.02, η 2 = 0.12). Bipolar patients were significantly better when judging age from an anger expression compared to controls (F(1,44) = 5.48, p = 0.02, η 2 = 0.11), but not when judging the emotion as an anger expression (F(1, 44) = 0.43, p = 0.51, η 2 = 0.01).
Schizophrenia versus bipolar
A third ANOVA on response accuracy with group (schizophrenia, bipolar) as a between-subjects factor and recognition condition (emotion, age) and facial expression (anger, fear, happy, neutral, sad) as within-subjects factors demonstrated no main effect of group (F = (1, 41) = 3.21, p = 0.08). However, similar to the previous results, a main effect of recognition condition was present (F(1, 41) = 254.92, p b 0.001), with the age recognition condition (mean = 47%, SD = 6) being more difficult than the emotion recognition condition (mean = 78%, SD = 14). A main effect of facial expression was also revealed (F(3.40, 139.52) = 26.39, p b 0.001), demonstrating that anger expressions were more easily identified than fear expressions; happy expressions were more easily identified than anger, fear, and neutral expressions; neutral expressions were more easily identified than anger and fear expressions; and sad expressions were more easily identified than anger and fear expressions. There was also an interaction between recognition condition and facial expression (F(3.26, 133.65) = 16.69, p b 0.001), reflecting that it was easier to identify the emotional expression of the face compared to the age of the face, with this pattern being more pronounced for some emotions. This direct contrast of schizophrenia and bipolar patients failed to reveal a three-way interaction of group, recognition condition, and facial expression (F(3.26, 133.65) = 0.80, p = 0.51, η 2 = 0.02) consistent with the facial recognition performance of bipolar patients falling between the schizophrenia patients and control subjects.
To compare the results in schizophrenia patients and controls within the angry expression, we specifically investigated the pattern directly contrasting schizophrenia and bipolar patients. Although there was no significant interaction between recognition and group for bipolar patients compared to schizophrenia patients (F(1, 41) = 1.09, p = 0.30, η 2 = 0.03), bipolar patients were better than schizophrenia patients in recognizing anger expressions (F(1, 41) = 3.92, p = 0.054, η 2 = 0.09). The two groups did not differ when judging age from the anger expressions (F(1, 41) = 2.94, p = 0.09, η 2 = 0.07).
Misidentification of emotional expressions
For the anger emotion recognition accuracy further analyses were conducted to determine patterns of misattribution. Schizophrenia patients mislabeled anger expressions as fear (F(1, 55) = 13.50, p = 0.001, η 2 = 0.20) and happy (F(1, 55) = 3.91, p = 0.053, η 2 = 0.07) more often than controls (see Fig. 2 ). As discussed above, bipolar patients did not differ significantly from controls in correctly identifying anger expressions. However, bipolar patients also mislabeled more anger expressions as fear (F(1, 44) = 4.44, p = 0.04, η 2 = 0.09) compared to controls, similar to the pattern found in schizophrenia patients. There were no significant differences in misattribution of expressions to specific emotions when schizophrenia patients were compared to bipolar patients (F's = 0.13-2.45, p's = 0.13-0.72).
Further analysis of age recognition task
Given the lower accuracy rate on the age recognition task across groups (however, much greater than chance performance, which was 20%), further analysis was conducted to determine how many categories off the participants' responses were in cases of error. This was an alternative measure to assess for differences in basic facial recognition as it may be more sensitive to group differences as this was a more nuanced measure of error-indicating not just that there was an error in judging the age, but how large the error was. In cases of error, on average, the groups were approximately only one bracket off when discriminating the age of the faces (see Table 2 ; F's = 0.27-2.73, p's = 0.11-0.61). In summary, two measures of age recognition performance, accuracy and bracket's off, suggest that the groups do not differ on basic facial recognition. revealing that bipolar patients spent more time on the emotion recognition than age condition, whereas controls and schizophrenia patients did not demonstrate this pattern. There were no three way interactions when comparing the groups (F's b 1.08, p's N 0.36); hence, no follow-up testing was conducted.
Facial recognition conditions: reaction times
Intellectual functioning 2
As a comparison to the groups' performance on the facial recognition task, we also examined participants' overall cognitive functioning using select WAIS-III subtests. Schizophrenia patients had lower raw scores on the vocabulary subtest than controls (F(1, 53) . In summary, we found that schizophrenia patients had lower scores on the vocabulary subtest compared to controls and bipolar patients and lower digit symbol coding, block design, and digit span backward compared to only controls. Bipolar patients had lower digit symbol coding scores compared to controls. These results suggest that schizophrenia patients also had more severe impairments in general cognitive domains compared to bipolar patients.
Relationship between emotion recognition accuracy and intellectual functioning and symptomatology
To more fully detail the relationship between facial emotion recognition, cognition, and behavior, we evaluated the relationship between emotion and age recognition accuracy for the anger expression with WAIS subtests and symptoms. There were no significant relationships between emotion or age recognition and the five WAIS subtests in bipolar patients (p's N 0.14) or controls (p's N 0.20). In schizophrenia patients the only association found between WAIS subtests and anger recognition was that higher vocabulary raw scores were related to correct emotion Fig. 2 . Number of misattributions for anger expressions in the facial emotion recognition condition. *Schizophrenia patients differ from controls. **Schizophrenia and bipolar patients differ from controls. 2 Vocabulary and block design scores were missing for two schizophrenia patients. For Digit Symbol scores were available for 16 schizophrenia patients, 14 bipolar patients, and 21 controls. For Digit Span Forward and Backward scores were available for 16 schizophrenia patients, 15 bipolar patients, and 21 controls. recognition of anger expressions (rho = 0.43, p = 0.03). Given the lack of significant associations between most of the intelligence measures and recognition of anger expressions in schizophrenia, further support is provided that the deficit in emotion processing appears to not be due to generalized perceptual or cognitive impairment.
There were no significant relationships between emotion and age recognition for anger expressions with psychosis, negative, and formal thought disorder symptom dimensions from the SANS and SAPS in schizophrenia (p's N 0.07) or bipolar patients (p's N 0.18). Additionally there were no relationships between the five factors from the BPRS and anger recognition accuracy in schizophrenia (p's N 0.22) or bipolar patients (p's N 0.16). This suggests that at least in this sample, there were no relationships between difficulties in identifying angry expressions and the observable symptoms of schizophrenia.
Discussion
Schizophrenia and bipolar disorder exhibit similarities in symptom expression, cognitive deficits, and brain abnormalities; however, the pattern and severity of shared abnormalities can differ between the two disorders. The aim of this paper was to determine what aspects of facial emotion recognition are impaired in stable patients in each of the disorders using a novel emotion recognition task that compares emotion processing with more general facial processing. Similar to previous investigations and metaanalyses, schizophrenia patients showed deficits in facial emotion recognition [7, 8] . Schizophrenia patients were found to have reduced accuracy in discriminating anger expressions compared to controls. In addition, when making errors in categorizing a facial expression as anger, schizophrenia patients misidentified the expression as fear and happy. The present findings are evidence that individuals with schizophrenia may have a particular deficit in recognizing negative emotions (e.g., Brune [31] ). Additionally, schizophrenia patients' difficulty recognizing anger emotions appears not to be due to generalized difficulties with face perception since no deficit was evident on a harder age recognition condition. However, because the emotion recognition and age recognition conditions did not necessarily have the same discriminability, there is not unequivocal evidence of a specific deficit.
In contrast to schizophrenia patients, bipolar patients did not demonstrate any differences compared to controls in overall recognition of anger expressions, yet, like schizophrenia patients, bipolar patients tended to misattribute anger expressions to fear. Two other studies have suggested that fear recognition might be impaired in bipolar disorder. Lembke and Ketter [14] found manic bipolar I patients mistook expressions of fear for surprise. The patients studied by Lembke and Ketter [14] also showed worse recognition of fear than the healthy subjects. The ability to identify fear expressions in the above study also depended on bipolar type and phase, with euthymic bipolar II disorder patients showing more accurate fear recognition than the manic and euthymic bipolar I disorder patients. In the second study, Derntl and colleagues [15] found that stable bipolar I patients misinterpreted the expression of sadness as fear. Together these studies suggest that individuals with bipolar disorder may have a specific difficulty with correct recognition of fear. In contrast to this study, other studies have demonstrated abnormalities in emotion recognition across many facial expressions for bipolar disorder (e.g., Getz et al. [19] ), as well as no differences from controls in some instances (e.g., Venn et al. [17] ).
Comparison of schizophrenia with bipolar patients revealed that schizophrenia patients had more difficulty recognizing anger expressions compared to bipolar patients. Although both groups misidentified fear as anger expressions, schizophrenia patients had additional deficits in emotion recognition as suggested by the previous literature (for review, see Rocca et al. [20] ). Greater facial emotion recognition deficits in schizophrenia patients compared to bipolar patients found in this study may be a reflection of greater degree of brain abnormalities in regions associated with facial emotion recognition, such as in the amygdala and hippocampus, in schizophrenia patients [32, 33] .
Schizophrenia patients also demonstrated more impairment on intelligence sub-domains than bipolar patients and controls, but bipolar patients did demonstrate impairments on digit symbol coding. Therefore, the lack of greater facial emotion recognition deficits in bipolar patients does not reflect a sample-specific issue of a very healthy bipolar sample without any impairment. Last, we found bipolar patients took more time evaluating faces in the emotion recognition condition as opposed to the age recognition condition compared to schizophrenia patients and controls. One explanation for bipolar patients' longer reaction times could be the psychomotor slowing associated with lithium or anticonvulsant medications many patients were on [34] [35] [36] . Alternatively, this finding of better performance and longer response times may indicate better strategy on the part of the bipolar patients (as they were compared to schizophrenia patients who were also on psychoactive medications). This finding may have clinical implications for treatment development in schizophrenia as it suggests that schizophrenia patients may have a different strategy when viewing faces compared to bipolar patients, which may result in lower accuracy. Currently, specific training on facial emotion recognition has been found to be effective in remediating facial emotion recognition deficits compared to both treatment as usual and cognitive remediation training in schizophrenia [37] . Given that facial emotion recognition is associated with lower work functioning in schizophrenia patients (e.g., Kee et al. [3] ), research in this area could lead to reducing the human and economic burden of the disorder.
Limitations of this study include the modest sample size, particularly in the bipolar group. This could have resulted in reduced power to detect group differences. However, analysis of effect size, which provides an estimate of magnitude of differences between groups, suggested that the effect size for the 2 recognition condition by 5 emotion expression by 2 group interaction was small for the bipolar patients compared to controls contrast. Another limitation of this study was the differing age distributions between samples; however, tests indicated that these differences between groups failed to account for important group effects. Additionally, the patient groups were not equated for psychiatric symptoms; as expected schizophrenia patients had more positive, negative, and disorganization symptoms and bipolar patients had more mood symptoms. We tested the association between symptoms and facial emotion recognition within the groups and found no significant relationships; therefore, differences in symptoms are unlikely to account for group differences. This study evaluated five major facial emotion expressions; however, a fuller range of emotions, including disgust and surprise, could provide additional insight into expression-specific aspects of face processing. Last, although results are consistent with a specific deficit in facial emotion recognition, the present data are not absolutely conclusive due to the two tasks not being matched on discriminatory power. In an attempt to enhance the discriminatory power of the age recognition task we investigated the number of age brackets (decades) participants were off when making errors in age judgment. There were no differences between groups in the size of the errors made in age recognition, suggesting that groups did not differ in basic facial processing, with apparent increase in task discriminatory power.
This present study has a number of strengths, including the use of the exact same facial stimuli depicting five emotion expressions in emotion processing and control conditions. Therefore, the task controlled for any superficial characteristics that could impact performance. This investigation adds to what is known about emotion recognition by assessing the diagnostic specificity in schizophrenia and bipolar disorder, illuminating shared and unique aspects to each disorder.
